Objective: To summarize experience in the diagnosis and treatment of pancreatic cystic neoplasms.
Materials and Methods
We conducted a retrospective study of 236 patients who were diagnosed with pancreatic cystic tumors at Peking Union Medical College between Jan 2009 and Mar 2014. The exclusion criteria included a lack of surgical treatment and unclear pathology results obtained after surgery. Ultimately, 207 pancreatic cystic neoplasms patients received surgery and were analyzed retrospectively. Demographic data (age and gender), clinical manifestations (abdominal pain, nausea, marasmus, jaundice, and new onset of diabetes mellitus), imaging patterns of the tumor (location, size, and solid or papillary tubercles), the preoperative CA19-9 and CEA levels, the operation type and pathological diagnostic data were collected. The cohort was divided into two groups according to tumor pathology. One group consisted of patients diagnosed with a benign tumor (SCN, benign MCN, or benign IPMN). The other group comprised patients diagnosed with a borderline or malignant tumor (including borderline or malignant MCN or borderline or malignant IPMN). We compared the abovementioned clinical data, including the demographic data, clinical symptoms, imaging results, pathology findings, etc., in both groups. All statistical analyses were performed using SPSS 16 
Imaging features
A total of 152 patients (73.43%) had a tumor located at the pancreatic tail rather than at the pancreatic head. However, the positions of the tumors showed no obvious differences between the benign and malignant groups. The overall mean tumor diameter was 45.22 mm. The tumor diameter in the malignant group was much larger than that in the benign group (P=0.025). Twelve patients had specific imaging findings, such as a papillary process and solid components in the tumor, and more specific findings were observed in the malignant group than in the benign group (P=0.01).
Tumor markers
We routinely measured the serum CA19-9 and CEA levels before surgery and found that the average levels were 17.32 (95% CI, 12.67-21.97) U/mL and 2.01 (95% CI, 1.53-2.50) U/mL, respectively. The levels of both of these tumor markers significantly differed between the two groups (P=0.01 and P=0.01, respectively) ( Tables 1 and 2 ).
Multivariate analysis for diagnosis of pancreatic cystic tumors
We substituted the above single factors with a P<0.2 into a multivariate analysis model, including advanced age, the presence of symptoms, marasmus, jaundice, and tubercles or solid components in the cyst, tumor size, and the CA19-9 and CEA levels. Advanced age (P=0.027) and a high serum CA19-9 level (P=0.035) were found to be independent risk factors for pancreatic cystic tumors ( Table 3) .
Surgical approach
All patients underwent surgical treatment, including spleen-preserving pancreatic resection (n=127; 61.35%), distal pancreatectomy with splenectomy (n=19; 9.18%), duodenum-preserving pancreatic head resection (n=4; 1.93%), pylorus-preserving pancreaticoduodenectomy (n=12; 5.79%), pancreaticoduodenectomy (n=13; 6.28%), pancreatic lesion myomectomy (n=21; 10.14%), pancreatic segmental resection (n=10; 4.83%), total pancreatectomy (n=1; 0.48%) and laparotomy biopsy (n=6; 2.9%).
Perioperative complications and postoperative follow-up
There were no perioperative deaths. However, 4 patients had a grade II pancreatic fistula. Among them, one had a 4-cm SCN at the pancreatic neck and underwent segmental pancreatic resection. Another patient with a 2.5-cm SCN also underwent segmental pancreatic resection. The third patient underwent spleen-preserving pancreatic resection to treat a 4.5-cm mucinous cystadenoma with a focal junction. Moreover, a patient with a 5-cm SCN at the pancreatic head after pancreaticoduodenectomy had a grade III pancreatic fistula. This patient also suffered from grade III bleeding and intraperitoneal infection. Grade II bleeding was observed in 3 patients. One patient with an 8-cm serous cystadenoma at the pancreatic head underwent pancreaticoduodenectomy. Another patient with a 4-cm serous cystadenoma at the pancreatic head underwent the same operation. The 4 patient had a 7-cm borderline mucinous cystadenoma at the pancreatic body and tail and underwent spleen-preserving pancreaticoduodenectomy. In addition, 3 patients suffered from grade III postoperative bleeding. One patient with a 5-cm mucinous cystadenoma at the pancreatic body underwent spleen-preserving pancreaticoduodenectomy, and one patient with 4-cm serous cystadenomas at the pancreatic head and tail underwent segmental pancreatic resection. We followed up with 20 patients and did not follow up with 9 patients in the malignant group. We did not follow up with any of the patients in the benign group. Three of these patients died, while others experienced metastasis. Among them, one patient was diagnosed with a tumor at the pancreatic head and peripheral lymphadenopathy by transesophageal echocardiography.
Discussion

Diagnosis of pancreatic cystic tumors
The diagnosis and evaluation of risk factors determines the treatment approach and prognosis of pancreatic cystic tumors. Although most pancreatic cystic tumors are asymptomatic, the patients in our study presented with non-specific digestive system problems, such as abdominal pain (40.1%) and nausea and vomiting (13.53%). A total of 5.80% developed jaundice due to mechanical suppression of the bile duct by the tumor. In addition, 3.38% experienced new-onset diabetes mellitus due to pancreatic endocrine dysfunction. Forty-two percent developed marasmus. Up to 47.34% of the patients presented with no clinical manifestations, and their pancreatic cystic tumors were only discovered when they underwent routine physical examination or abdominal radiological examination. In our study, 76.81% of the patients diagnosed with pancreatic cystic tumors were females. It is duo to the operational indication of tumor located at head/neck of pancreas is stricter than that of located at body/tail in our center. Because, the operative complication of the former one is higher than the latter one. In our univariate analysis both the tumor size and nodules or solid components in the cyst is are related to the malignant pancreatic cystic tumor. However, in the further multivariate analysis only the size of tumor (P=0.05) is the independent risk factors for malignant pancreatic cystic tumor. MRI achieves a higher contrast level for examining tumor structural components, such as the cavity, interior partition and surrounding pancreatic parenchyma. Furthermore, it is advantageous for detecting microcapsule structures. When water imaging and non-invasive technology are applied in magnetic resonance cholangiopancreatography (MRCP), the diagnosis of IPMN is greatly facilitated (4). ERCP can be used to directly observe the duodenal papilla, and it also allows for collection of pancreatic fluid for cytological analysis through cholangiopancreatography. Further, it has shown greater advantages in IPMN diagnosis. However, because ERCP is an invasive approach, it may increase the incidence of complications, such as pancreatitis, which somewhat limits its application (5). Endoscopic ultrasound (EUS) can reduce the impact of hollow organs on ultrasonic waves, and it is a more sensitive and accurate approach for examining pancreatic tissue. In addition, we obtained cyst fluid through EUS-guided fine-needle aspiration (FNA) to measure biochemical indicators, such as the CEA and CA19-9 levels, and to perform cytological analyses. All of these tests and parameters contribute to the differential diagnosis of pancreatic cystic lesions (6,7). The majority of the patients in our study underwent direct surgery once their images indicated a diagnosis of pancreatic cystic tumor, in contrast with treatment protocols abroad. Because few patients underwent EUS-FNA, we could not measure the levels of tumor markers in the cyst fluid. Instead, the serum CA19-9 and CEA levels were detected. Both of these levels were higher in the malignant group compared with the benign group. A subsequent multivariate analysis suggested that increasing CA19-9 (P=0.035) levels were independent risk factors for malignant pancreatic cystic tumor. Due to the excellent specificity of FNA, tumors can be diagnosed as malignant as long as malignant cells are discovered. Generally, more qualified specimens are required to make a cytological/pathological diagnosis, but it is difficult to obtain sufficient cells with atypia by FNA. Moreover, a definite diagnosis by FNA always requires the assistance of an experienced pathologist. Its sensitivity is not satisfactory because the resulting pathological diagnosis is greatly subjective (8, 9) . Intraoperative frozen pathological diagnosis is reliable for diagnosing pancreatic cystic tumors. However, a definitive pathological diagnosis cannot always be determined because some tissues are difficult to obtain and some obtained tissues are not typical. In our study, we made 22 intraoperative frozen pathological diagnoses, which were 100% concordant with the paraffin pathological diagnoses. In addition, 5.26% of the patients could not be definitively diagnosed. For example, the intraoperative pathological diagnosis of one patient with MCN indicated the possibility of borderline changes, while postoperative pathological diagnosis confirmed that the patient had partial borderline MCN. It is apparent that frozen pathological diagnosis can enhance diagnostic accuracy, which can help surgeons determine the optimal surgery to perform and the excision range.
Pancreatic cystic tumor indications for surgery
Unlike pancreatic cancer, most pancreatic cystic tumors are benign or low-grade malignant tumors. It is of great clinical significance to consider surgical indications in these patients to prevent their over-treatment or delayed treatment, which may result in missing of the optimal therapy time. (11) . As in the relevant literature, our study revealed that the diagnosis is more likely to be malignant in patients with the following characteristics:
advanced age, the presence of clinical symptoms, marasmus and jaundice, a lack of tubercles or solid components in the cyst, a larger tumor size and elevated serum tumor markers. Multivariate analysis revealed that both advanced age and an elevated serum CA19-9 level are independent risk factors for malignant pancreatic cystic tumors. There is a basic consensus that surgical treatment should be proposed for patients with symptomatic pancreatic cystic tumors and potentially malignant tumors. However, with rapid advances in imaging techniques and the increasing health consciousness of people, the incidence of asymptomatic pancreatic cystic tumors has gradually increased. There remains controversy about the surgical indications in this group of patients (12). Morris followed up on 338 patients with asymptomatic pancreatic cystic tumors. Under the guidance of EUS, biochemical indicators in the cyst fluid were detected by FNA. Combining biochemical indicators with imaging features, the natural courses of the tumors were evaluated. He found that cystic tumors with a diameter of less than 1.5 cm rarely transformed, indicating that it was safer for this group to be followed up compared with those with tumors of larger than 1.5 cm in diameter (11 (13) . In our study, almost half of the patients were asymptomatic. Because the surgical indications were more stringent when the preoperative diagnosis was considered to be SCN, surgery was usually only performed when the tumor was rather large or the patient expressed a strong desire to undergo surgery. Conversely, surgical treatment should be actively considered in patients with MCN and IPMN. In addition, inconsistencies between pre-and postoperative diagnoses were observed in our study, consistent with previous reports. Therefore, further investigation is needed to improve the diagnostic methods and to formulate appropriate treatment strategies.
Types of pancreatic cystic tumors
The WHO modified the classification of pancreatic cystic tumors in 2000, excluding solid pseudopapillary neoplasm of the pancreas (solid-cystic pseudopapillary neoplasm of the pancreas has cystic solid pseudopapillary structures. Prognosis of tumor is better than other pancreatic cystic tumor. In case of large slow growing pancreatic tumor with splenic metastasis, solid-cystic pseudopapillary tumor of the pancreas should be considered in the diagnosis) and classifying pancreatic cystic tumors as SCN, MCN and IPMN. The biological features of certain tumor types vary, and the treatments and prognoses are also distinct. We will discuss the various tumor types as follows.
SCN
Most SCN patients in our study were asymptomatic and were accidentally diagnosed when imaging was performed as part of routine physical examination or for another reason. The tumors were predominantly located at the pancreatic body and tail and consisted of numerous small cysts. Their cross sections had a honeycomb appearance with a clear border. The cysts were always filled with serum, and there was typically no connection with the pancreatic duct. Based on their phenotype, SCNs is classified as serous microcystic adenoma (SMA) or serous oligocystic adenoma (SOIA). SMA is more frequent, accounting for 20% of all pancreatic cystic tumors. It is characterized by small cysts with diameters of less than 2 cm. A honeycomb-like structure can be seen on EUS. CT reveals specific characteristics of the tumors, such as the presence of multiple small cysts and a lobulated external contour. Calcification occurs in 20% of the cases, and it is typically found along with formation of a cluster around a central scar from which fibrotic bands radiate. Because most of the cysts are small, they are often not detected on CT, while MRI enables better resolution of cyst structures, septum, and peripheral pancreatic structures, especially micro-cyst structures. High signals in cysts are always detected by T2-weighted MRI (14) . The oligocystic variant SOIA is characterized by just a few large cysts or no cysts, and they are primarily located at the pancreatic head. The tumor is lobulated and has a thin wall. The majority of SCNs are benign, with few exceptions diagnosed as histologically malignant. Twenty cases of malignant SCN have been reported (15) . Most patients with malignancy are diagnosed with SOIA, characterized by a large tumor size (length of more than 10 cm). If patients are asymptomatic and definitively diagnosed, then no extra management is needed, except for regular follow-up. If patients have specific clinical manifestations or their tumor is sufficiently large and difficult to differentiate from other potentially malignant tumors, such as MCN and IPMN, surgical intervention should be proposed. The optimal surgery to perform is mainly selected according to the location and size of the tumor, and possible surgeries include local resection, segmental pancreatic resection, pancreatectomy and the Whipple procedure.
MCN
Ninety-five percent of MCNs occur in women. Abdominal pain is much more common in MCN than in SCN. Patients can present with similar symptoms as those of acute pancreatitis, although its incidence rate is lower than that of IPMN. Malignancy should be suspected when patients present with obvious weight loss and occlusive jaundice. It is seldom observed at any location except for the pancreatic tail. The gross shape of the tumor is usually spherical or oval. Several septa and eccentric nodules are present inside of the macrocysts, which are defined as nodules with a diameter of >2 cm, thin walls and mucinous cystic fluid. There is no connection between lesions and pancreatic ducts (16) . Malignant MCN is usually indicated when pancreatic CT reveals a large tumor (diameter of >2 cm), numerous eccentric nodules, a thick wall, irregular septa, an eggshaped calcification on the cyst wall and other peripheral infiltration signs (14, 17) . The biological behavior of MCN is difficult to predict according to the cell phenotype because many benign tumors tend to infiltrate and metastasize. As a consequence, benign mucinous cystadenoma is also currently regarded as a potentially malignant tumor. Once a patient is diagnosed with MCN, surgical resection is suggested (18) . In our study, simple excision was performed for small tumors that were located far from the pancreatic duct; segmental pancreatic resection was performed for pancreatic neck tumors located adjacent to the pancreatic duct, with the intention to preserve the endocrine/exocrine function of the pancreas. For large tumors located at the pancreatic body/tail, spleen-preserving pancreatic resection was preferred when the biological behavior was benign, with inflammation (not infiltration) adherent to the peripheral tissues and encapsulation. Duodenum-preserving pancreatic head resection is a better choice for larger tumors located at the pancreatic head. All tumors should be resected without reservation. The cutting edge should no less than 5 mm. The management of malignant MCN is similar to that of pancreatic cancer. The selection of the type of radical surgery to perform is mainly based on the tumor's location. Metastatic foci should be excised as soon as metastasis is observed (19) . The 5-year survival rates of MCN patients after complete resection are 100% in benign, borderline and non-infiltrating cystadenocarcinoma patients and 37.5% in invasive carcinoma patients, indicating good prognosis (20) . (26) . Moreover, for main-duct and mixed IPMNs, total pancreatectomy was advocated in the past because of the multifocal lesions and limitations of intraoperative frozen pathology. However, some groups have recently found that the degree of malignancy of such tumors is low, and even if patients relapse, a second surgery can be performed. Considering the numerous postoperative complications after pancreatectomy and the poor quality of life of patients, pylorus-preserving pancreaticoduodenectomy, pancreatic segmental resection and spleen-preserving pancreatic resection have been applied. Under these conditions, close follow-up is necessary (24) . Most patients in our study chose the above surgeries with only one exception, a patient who underwent total pancreatectomy. Malignant tumors are more likely to invade the peripheral lymph nodes, nerves and vessels; as a result, in addition to tumor resection, regional lymph node dissection is required. IPMN has a good overall prognosis, regardless of whether it is non-invasive or invasive. Although postoperative recurrence and metastasis may occur, re-operation can achieve good results. The 5-year survival rate for benign, borderline and non-invasive IPMN is up to 89%, while that for invasive IPMN is 57.7% (20) .
IPMN
In conclusion, clinical symptoms in elderly patients, such as weight loss, jaundice and other imaging findings, including nodules and solid components in cysts, a large tumor size, and elevated levels of serum tumor markers, are signs of malignancy that require an active surgical strategy. The optimal type of surgery to perform depends on the location, size, position relative to the pancreatic © Chinese Journal of Cancer Research. All rights reserved.
Chin J Cancer Res 2016;28(5):519-527 www.cjcrcn.org duct and characteristics of the tumor. Currently, surgical indications for asymptomatic pancreatic cystic tumors remain controversial. Their biological features should be further studied, and clinical research should be conducted using a large sample size to evaluate the potential risk factors for transformation to malignancy. Standardization of the diagnosis and treatment of pancreatic cystic tumors will become another clinical focus of pancreatic surgery. With further research of pancreatic cystic tumors, we have reason to believe that the diagnosis and treatment of this disease will be improved.
